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PATENTS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 

Jussi UOTILA et al . 

Serial No. (unknown) 

Filed herewith 

METHOD OF PURIFYING WATER, 
SUITABLE BACTERIA FOR THE 
METHOD AND USE THEREOF 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Prior to the first Official Action and calculation 
of the filing fee, please substitute Claims 1-21 as originally 
filed, with Claims 1-19 as filed in the Article 34 amendment 
of September 6, 2001. The pages containing Claims 1-19 are 
marked "AMENDED SHEET" and are attached hereto. Following the 
insertion of Claims 1-19, please amend these claims as 
follows : 

IN THE SPECIFICATION : 

Please replace the paragraph beginning at page 18, line 21, 
with the following rewritten paragraph: 

--Waste water from a coating metal industry plant was 
purified by a system whose effective treatment part comprised 
six anaerobic and twelve aerobic tanks. The bacteria DT-1, DT- 
2 and DT-5, which were immobilized on a carrier attached by 
nets, were added to all anaerobic and aerobic tanks. Each tank 



Jussi UOTILA et al . 
held 2 1. The entire system comprised 23 tanks whose total 
volume was 70 1, the tanks being interconnected in the 
following order: six anaerobic tanks (effective treatment 
volume) , one sedimentation tank, six aerobic tanks (effective 
treatment volume) , one sedimentation tank, six aerobic tanks 
(effective treatment volume), and two tanks for calcium 
chloride and sodium hydroxide treatments to precipitate the 
biomass and heavy metals. Before the treatment, the original 
waste water was diluted five times by gray water. After the 
dilution, mineral salts were added as follows: NH 4 + 2-10 
mg/1, N0 3 " 5-20 mg/1, Mg 2+ 2-10 mg/1, Ca 2+ 0.5-2 mg/1, S0 4 2 ' 
1-10 mg/1 and P0 4 3_ 2-20 mg/1. The temperature was 20 - 
35°C and the flow rate 12 1 of water per 24 hours. The results 
are shown in Table 5. — 

IN THE CLAIMS : 

Amend the claims as follows: 

— 3. (amended) A method as claimed in claim 1, charac- 
terized in that necessary biomass for the purification is 
produced in a non-sterilized growth medium comprising tap 
water and about 0.5-4 g/1 of soap. — 

— 14. (amended) Use of a bacterial mixed population as 
claimed in claim 12 in purifying waste water.— 
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REMARKS 

The above changes in the specification and claims 
merely place this national phase application in the same 
condition as it was during Chapter II of the international 
phase, with the multiple dependencies being removed. Follow- 
ing entry of this amendment by substitution of the pages, only 
claims 1-19 remain pending in this application. 

Attached hereto is a marked-up version of the 
changes made to the claims by the current amendment. The 
attached page is captioned "VERSION WITH MARKINGS TO SHOW 
CHANGES MADE". 

Respectfully submitted, 
YOUNG & THOMPSON 



Benoit Castel 
Attorney for Applicants 
Registration No. 35,041 
Customer No. 00466 
745 South 23 rd Street 
Arlington, VA 22202 
Telephone: 703/521-2297 



January 14, 2002 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

The claims have been amended as follows: 
3. (amended) A method as claimed in claim 1 or 2 , 
characterized in that necessary biomass for the purifica- 
tion is produced in a non-sterilized growth medium comprising 
tap water and about 0.5-4 g/1 of soap. 

14. (amended) Use of a bacterial mixed population as 
claimed in claim 12 or 13 in purifying waste water. 
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CLAIMS 

1. A method of purifying waste water, characterized in that 
the water is biologically purified by a mixed population comprising the 
microorganisms Bacillus sp. DT-1 having the deposit number DSM 125S0, 
. 5 Pseudomonas azelaica DT-2 having the deposit number DSM 12551, and 
Rhizobium sp. DT-5 having the deposit number DSM 12562, or progeny 
thereof. 

|; a 2. A method as claimed in claim 1, characterized by 

■q purifying seep water, grey water, black water, industrial waste water and waste' 

i,y 10 water from laundries. 

3. A method as claimed in claim 1 or 2, characterized in 

that necessary biomass for the purification is produced in a non-sterilized 

growth medium comprising tap water and about 0.5 - 4 g/I of soap. 
q 4. A method as claimed in claim 1, characterized in that the 

ifi 15 water is also purified by one or more microorganisms from the group 
f* Pseudomonas azelaica DT-S having the deposit number DSM 13518, 

q . Azospirillium sp. DT-10 having the deposit number DSM 13517, Ancyfohacter 
py aquaticus DT-1 2 having the deposit number DSM 13518. and Xanthobacfer 

sp, DT-1 3 having the deposit number DSM 13519, and progeny thereof. 
20 5 - Bacillus sp. DT-1 having the deposit number DSM 1 2560 and 

progeny thereof. 

S. Pseudomonas azelaica DT-2 having the deposit number DSM 

12561 and progeny thereof. 

7. Rhizobium sp. DT-5 having the deposit number DSM 12562, and - 
25 progeny thereof. 

8. Pseudomonas azelaica DT-6 having the deposit number DSM 
13516 and progeny thereof. 

9. Azospirillium sp. DT-10 having the deposit number DSM 1 3517 
and progeny thereof. 

30 1 °- Ancylobacter aquaticus DT-1 2 having the deposit number DSM 

13518 and progeny thereof. 

1 1. Xanthobacfer sp. DT-1 3 having the deposit number DSM 13519 
and progeny thereof. 

12. A bacterial mixed population, characterized by 
35 comprising Bacilfus sp. DT-1 having the deposit number DSM 12560, 
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Pseudomonas azelaica DT-2 having the deposit number DSM 12561, and/or 
Rhizobium sp. DT-5 having the deposit number DSM 12562, and progeny 
thereof. 

13. A bacterial mixed population as claimed in claim 12, 
•5 characterized by further comprising Pseudomonas azelaioa DT-5 
having the deposit number DSM 13515, Azospirillium sp. DT-10 having the 
deposit number DSM 13517. Ancylobacter aquaticus DT-12 having the deposit 
number DSM 13513, and/or Xanthobacter sp. DT-1 3 having the deposit 
% number DSM 13519, and progeny thereof. 

□ 10 14 - Use of a bacterial mixed population as claimed in claim 12 or 13 

W in purifying waste water. 

,| 15. A bioreactor, characterized by comprising the 

ry microorganisms Bacillus sp. DT-1 having the deposit number DSM 12560, 

W Pseudomonas azelaica DT-2 having the deposit number DSM 12561, and 

jj 3 15 Rhizobium sp. DT-5 having the deposit number DSM 12552, or progeny 
if| thereof. 

H 16. A bioreactor as claimed in claim 15, characterized by 

q further comprising one or more microorganisms from the group Pseudomonas 

! U azeiaioa DT-5 having the deposit number DSM 13516, Azospirillium sp. DT-10 

20 having the deposit number DSM 1 351 7, Ancylobacter aquaticus DT-1 2 having 
the deposit number DSM 13515, and Xanthobacter sp. DT-1 3 having the 
deposit number DSM 13519, or progeny thereof. 

17. A bioreactor as claimed in claim 16, characterized by 
comprising ail said seven bacterial strains. 
25 18. A bioreactor as claimed in claim 15, characterized by 

comprising one or more separating walls arranged so as to force water to 
circulate in the reactor. 

19. A bioreactor as claimed in claim 18, characterized in 
that the bacteria are immobilized on a plastic carrier medium whose specific 
30 density is about 0.8 g/crn 3 . 
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Method of purifying water, suitable bacteria for the method 
and use thereof 

FIELD OF THE INVENTION 

The invention relates to a method of purifying waste water bioiogi- 
5 cally, and to bacteria and a mixed bacterial population suitable for the method 
and the use thereof. The invention further relates to a bioreactor comprising 
said bacteria or mixed population. 

BACKGROUND OF THE INVENTION 

Conventionaliy, water can be purified both by physical and chemical 

10 means, for example by sedimentation, filtration or flocculation (W094/5866 
and W088/5334). In order to remove organic compounds and other com- 
pounds that are difficult to purify it is also preferable to use so-called biological 
purification wherein the water to be purified is brought into contact with micro- 
organisms that decompose pollution agents. Biological water treatment meth- 

15 ods are suited for use both in conventional water treatment plants and indus- 
trial waste water treatment piants. Biological water treatment has also been 
tested in systems where water is recycled (Fl 964141). Biological water treat- 
ment is also needed to purify seep water of a dump, for example, before the 
seep water is discharged into the environment. 

20 The biological purifying method is, however, more difficult to control 

than the physical or chemical purifying methods. Firstly, microorganisms to 
decompose pollution agents must be found. Secondly, the microorganisms 
must be capable of easily surviving and reproducing under conditions during 
the water treatment process. In other words, the microorganisms used for pu- 

25 rifying water must be competitive ones so as to prevent other organisms in the 
water from overruling, in addition, the microorganisms used for purifying water 
must not be sensitive to the changes in their environment that often occur 
during water treatment processes when the load varies. 

Many kinds of microorganisms have been used for purifying water, 

30 including bacteria and protozoa, such as the ciiiates. Bacteria that have often 
been used include species of the Pseudomas genus, but also members of the 
Alcagenes, Acinetobacter or Rhodococcus genera are often used. Mixed 
populations, some identified and some unidentified, comprising a great num- 
ber of different microorganisms are often used. Aerobic or facultative microor- 

35 ganisms are best suited to purifying water, in which case it is appropriate to 
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pump air into the water to be purified so as to make the purification process 
more efficient. 

When microorganisms are cultivated, the growth medium should 
normally be sterilized so as to prevent the cultivation from becoming contami- 
5 nated by external organisms. Since large amounts of water are processed 
while purifying waste water, the amount of necessary biomass for the biologi- 
cal purification is also large. To produce such biomass under sterile conditions 
is both laborious and expensive; hence, it would be most desirable if the bio- 
mass could be produced under non-sterile conditions without any danger of 
10 becoming contaminated. The present invention now provides a novel fermen- 
tation technology with no need to sterilize. This is possible when microorgan- 
isms particularly suitable for the method are used and these microorganisms 
are fed on nutrients suitable for them. 

SUMMARY OF THE INVENTION 

15 The present invention relates to microorganisms that are surpris- 

ingly well suited to biological purification of waste water. These microorgan- 
isms meet particularly well the aforementioned requirements set for microor- 
ganisms suitable for the biological purification of water. In addition, the micro- 
organisms of the invention are so specific that their biomass can be produced 

20 under non-sterile conditions by using a growth medium where other microor- 
ganisms are unable to compete. This enables large savings in the costs and 
energy consumption of a biological water purification process, the purification 
results also being excellent. Water purified according to the invention is even 
recyclable. 

25 The invention thus relates to the bacteria Bacillus sp, DT-1 having 

the deposit number DSM 12560 and progeny thereof, Pseudomonas sp. DT-2, 
subsequently identified as Pseudomonas azelaica having the deposit number 
DSM 12561 and progeny thereof, and the former Pseudomonas sp. now being 
Rhizoblum sp. and having the deposit number DSM 12562 and progeny 

30 thereof. Later 16S rDNA analyses have shown that this bacterium most closely 
resembles the members of the Rhizobium genus, so hereafter, it will be con- 
sidered as one of them. The invention further relates to the following bacterial 
strains promoting water purification: Pseudomonas azelaica DT-6 having the 
deposit number DSM 13516, Azospirillium sp. DT-10 having the deposit num- 

35 ber DSM 13517, Ancylobacter aquaticus DT-1 2 having the deposit number 
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DSM 13518, and Xanthobacter sp. DT-13 having the deposit number DSM 
13519, and progeny thereof. DSM 12560 - 12562 have been deposited at 
Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH on 1 De- 
cember 1998, and DSM 13516- 13519 on 29 May 2000. 
5 The invention further relates to a bacteria! mixed population char- 

acterized by comprising the bacterium Bacillus sp. DT-1 having the deposit 
number DSM 12560, Pseudomonas azelaica DT-2 having the deposit number 
DSM 12561, and/or Rhizobium sp. DT-5 having the deposit number DSM 
12562, and progeny thereof. 

10 The invention further relates to the use of the aforementioned bac- 

teria or bacterial mixed populations in waste water treatment and to a method 
of purifying waste water, characterized by purifying water biologically by mi- 
croorganisms belonging to the group Bacillus sp. DT-1 having the deposit 
number DSM 12560, Pseudomonas azelaica DT-2 having the deposit number 

15 DSM 12561, and Rhizobium sp. DT-5 having the deposit number DSM 12562, 
and progeny thereof. 

The invention further relates to a bioreactor characterized by com- 
prising microorganisms belonging to the group Bacillus sp. DT-1 having the 
deposit number DSM 12560, Pseudomonas azelaica DT-2 having the deposit 

20 number DSM 12561 , and Rhizobium sp. DT-5 having the deposit number DSM 
12562, and progeny thereof. A bioreactor is a reactor in which a biological pu- 
rification process is conducted. 

DRAWINGS 

Figure 1 schematically shows a purification system for seep water, 
25 Figure 2a shows a profile of the fatty acids of bacterial strain DT-1 , 

Figure 2b is a print of a fatty acid analysis of bacteria! strain DT-1 , 
Figure 3a shows a profile of the fatty acids of bacteria! strain DT-2, 
Figure 3b is a print of a fatty acid analysis of bacteria! strain DT-2, 
Figure 4 is a print of a fatty acid analysis of bacterial strain DT-5, 
30 Figure 5 is a print of a fatty acid analysis of bacterial strain DT-6, 

Figure 6 is a print of a fatty acid analysis of bacterial strain DT-10, 
Figure 7 is a print of a fatty acid analysis of bacterial strain DT-1 2, 

and " 

Figure 8 is a print of a fatty acid analysis of bacteria! strain DT-13. 



WO 01/04060 



PCT/FIOO/00624 



DETAILED DESCRIPTION OF THE INVENTION 

Microorganisms growing in a soap mixture were enriched from 
waste water of an industrial plant and then adapted by cultivating them in a 
bioreactor comprising waste water from a dump. Three bacterial strains were 
5 thus isolated that were superior to the others. Said bacterial strains are Bacil- 
lus sp. DT-1 having the deposit number DSM 12560, Pseudomonas azelaica 
DT-2 having the deposit number DSM 12561 and Rhizobium sp. DT-5 having 
the deposit number DSM 12562. These bacteria can be cultivated in tap water 
comprising about 1 - 4 g/l of soap. Extremely few microorganisms can actively 

10 grow under such conditions; therefore, this growth medium needs not be ster- 
ilized when biomass of said three bacteria is being produced. The strains tol- 
erate as high amounts of soap as about 40 g/f. They grow best in a soap con- 
tent of about 0.3 - 0.5 g/l. 

In addition to being capable of growing in a growth medium where 

15 most other bacteria are incapable of reproducing, said bacterial strains are 
extremely efficient in removing the organic load of waste water. This is usually 
measured as total COD, which means the total chemical oxygen consumption 
(mg 0 2 /l). The isolated bacteria! strains can particularly decompose com- 
pounds that do not decompose easily, such as chiorophenoles, polycyclic 

20 aromatic hydrocarbons (PAH compounds) and oils. They also remove heavy 
metals. The scope of the invention also encompasses progeny of said strains, 
referring to progeny of said strains that have substantially the same waste 
water treatment capacity as the deposited strains. 

The bacteria Bacillus sp. DT-1, Pseudomonas azelaica DT-2 and 

25 Rhizobium sp. DT-5 further tend to flocculate, in which case they form a so- 
called bionetwork, which comprises lumps comprising microorganisms and 
other particles and which promotes the purification. 

Particularly good waste water treatment results are achieved when 
bioiogicai water purification utilizes a bacterial mixed population comprising 

30 one or more bacteria selected from a group comprising the bacteria Bacillus 
sp. DT-1, Pseudomonas azelaica DT-2 and Rhizobium sp. DT-5, and progeny 
thereof. The best purification results are achieved when a mixed population is 
used which comprises all three bacterial strains and/or progeny thereof, in ad- 
dition to these three strains, the bacterial mixed population may further com- 

35 prise other microorganism strains that are usefu! in water treatment and that 
have a favourable combined effect on the purification capacity. 
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The best purification results are achieved when the microorganism 
strains DT-1, DT-2, and/or DT-5 are used together with one or more bacteria! 
strains from the group Pseudomonas azelaica DT-6 having the deposit num- 
ber DSM 13516, Azospiriliium sp. DT-10 having the deposit number DSM 
5 13517, Ancylobacter aquaticus DT-1 2 having the deposit number DSM 13518, 
and Xanthobacter sp. DT-1 3 having the deposit number DSM 13519, and 
progeny thereof. Said four strains were isolated from the biofilm of the last unit 
of a four cascade bioreactor for treating water containing a mixture of soaps. 
They can be grown in the same growth medium and under the same condi- 

10 tions as DT-1, DT-2 and DT-5. DT-6, DT-10, DT-1 2 and DT-1 3 improve the 
immobilization properties of the biofilm to supporting matrices when they are 
mixed with strains DT-1, DT-2 and DT-5. Association of the strains also im- 
proves the treatment process of waste water as a result of more tolerance of 
the biofilm formed against poisonous substances. 

15 Bacillus sp. DT-1 is a rod which is about 1.0 - 1.2 jam in width and 

3.0 - 6.0 jam in length. Partial sequencing of the 16S rDNA shows a similarity 
of 99.3% to B. cereus and 100% to B. thuringiensis. in identification tests DT-1 
reacted as indicated below: 



Anaerobic growth 


+ 


VP reaction 


+ 


pH in VP broth 


4.8 


Growth in medium pH 5.7 


+ 


2% NaCI 


+ 


5% 


+ 


7% 




10% 




Lysozyme broth 


+ 


Acid from 




L-arabinose 




D-xylose 




D-mannitoi 




D-fructose 


+ 


Lecithinase 




Hydrolysis of: 




casein 


+ 
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Tween 80 


weak 


aesculin 


+ 


Use of propionate 




indol reaction 




Phenylalanine deaminase 


+ 


Hemolysis 


+ 


Growth in penicillin 900U/ml 


+ 



Pseudomonas azelaica DT-2 is a rod which is 0.5 - 0.7 p.m in width 
and 1.5 - 3.0 ixm in length with 1-3 polar flagella and lacking fluorescent pig- 
ments. The partial sequencing of the 16S rDNA is 99.8% similar to Ps. azela- 
5 ica. It reacts as follows: 



Lysis by 3% KOH 


+ 


Aminopeptidase (Cerny) 


+ 


Lecithinase 




Utilization of 




arabinose 




adipat 


+ 


mannito! 




gluconat 


+ 


caprat 





Rhizobium sp. DT-5 is a rod which is 0.5 - 0.7 jj,m in width and 1.5 - 
3.0 jxm in length. Partial 16S rDNA sequencing shows a 98.6% similarity to R. 
10 giardinii and 98.6% similarity to Phyliobacterium myrisinacearum. Physiologi- 
cal test results are given below. They do not confirm any of these genera. 



Lysis by 3% KOH 


+ 


Aminopeptidase (Cerny) 


+ 


Anaerobic growth 




Simmons citrate 


+ 
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Utilization of 




arabinose 


+ 


mannose 


+ 


mannitol 


+ 


adipat 





Other morphological, physiological and biochemical characteristics 
of bacteriai strains DT-1 , DT-2 and DT-5 are shown in Table 1 . 



Table 1. Morphological, physiological and biochemical characteristics of the 
bacteriai strains. 



Characteristic 


Strain reaction 


DT-1 


DT-2 


DT-5 


Ceil morphology 


Straight or 
slightly curved 
rod 


Straight rod 


Rod 


Motility 


+ 


+ 


+ 


Formation of endospores 


+ 






Spore form 


E 






Spore position 


T 






Expanded sporangium 








Gram's stain 


P 


N 


N 


Catalase 


+ 


+ 


+ 


Oxidase 


+ 


+ 


+ 


Reduction of nitrate to 
nitrite 


+ 


+ 




Denitrification 




+ 




Argininedihydrolase 


+ 


+ 




Hydrolysis: 

- starch 

- gelatin 

- acetamide 


+ 






+ 










+ 


Urease 






+ 


Splitting up aromatic ring 




Orto 
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Growth at temperature of: 








35°C 


+ 


+ 


+ 


39°C 


+ 


+ 


_ 


40°C 


+ 




_ 


41°C 


+ 






43°C 








Utilization of: 








Acetate 


+ 


+ 


+ 


D-Aianine 






_ 


L- Alanine 




+ 


+ 


ft-Alanine 




+ 




L-Arginine 


- + 


+ 


+ 


L-Asparacjine 


± 


+ 


± 


L-Aspartate 


± 


+ 




Citrate 




+ 




L-Cystein 






+ 


L-Cystin 








Ethanol 




+ 




D-glucose 


+ 


+ 


+ 


Glutamate 


+ 


+ 


± 


Giyceroi 


+ 






Glycine 








L-Htstidine 




+ 


+ 


p-Hyd roxy benzoate 




+ 




meso-inositol 






+ 


Lactose 








L-Leucine 


+ 


+ 


+ 


L- Lysine 


+ 






Maiat 


+ 


+ 




Maionate 


+ 




_ 


Methanol 








L-Methionine 








L-Proiine 




+ 


+ 


DL-Serine 


+ 






Succinate 


+ 


+ 


+ 
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Saccharose 


± 




+ 


DL-Threonine 








D-Trehalose 


+ 




+ 


DL-Tryptophan 


± 






L-Tyrosine 




+ 


± 



P = positive 



N = negative 

E = of elliptical shape 

T = terminal 

5 

Furthermore, the profiles of the fatty acids of bacterial strains DT-1 , 
DT-2 and DT-5 were determined and they are shown in Figures 2 to 4. The 
bacteria were grown 24 hours at 28°C on tryptic soy broth agar and methyl 
esters were prepared for the fatty acid analysis of the whole cell, as described 

10 in publication Structure and composition of biological slimes on paper and 
board machines. Appi. Environ, Microbiol. 60:641-653 by Vaisanen, O.M., E-L. 
Nurmiaho-Lassila, S.A. Marmo and M.S. Salkinoja-Salonen (1994). An aerobic 
TSBA library, version 3.9 (MIDI inc., Newark, DE, USA), was used. The reten- 
tion time (in minutes) is shown on the x-axis of Figures 2a and 3a, and the in- 

15 tensity of a peak is shown on the y-axis of the same figures. The correspond- 
ing prints of the fatty acid analyses are shown in Figures 2b, 3b and 4. The 
profile of the fatty acids of DT-1 is typical of the B. cereus group. The profile of 
DT-2 is typical of the RNA group I of the pseudomonads, and the profile of DT- 
5 points to the Rhizobium group. 

20 Pseudomonas az&aica DT-6 is a 0.5 - 0.7 p.m wide and 1 .5 - 3.0 

\im long granvnegative motile rod having 1-3 polar flagelia and lacking fluo- 
rescent pigments, its fatty acid analysis print (Figure 5) is typical of the RNA 
group I of the pseudomonads. The partial sequencing of the 16S rDNA shows 
a 99.8% similarity to Ps. azelaica. DT-6 has the following physiological reac- 

25 tions: 



Lysis by 3% KOH 


+ 


Aminopeptidase (Cerny) 


+ 


Oxidase 


+ 


Cataiase 




ADH 


+ 
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N0 7 from NO a 


+ 


De nitrification 


weak 


Urease 


_ 


Hydrolysis of gelatin 


_ 


Lecithinase 




l Jtiii7-afinn nf (API 




glucoss 


+ 


arabinose 




adipat 


+ 


malat 


+ 


mannito! 




giuconat 


+ 


caprat 


+ 



Azospirillum sp. DT-10 is a 0.8 - 1.2 urn wide and 2.0 - 4.0 jam long 
gram-negative rod. Its fatty acid analyisis print (Figure 6) is typical of the a- 
subgroup of the proteobacteria and points to the genus Azospirillum. The par- 
tial sequencing of the 16S rDNA shows similarities between 92% and 97.4% to 
different members of the genus Azospirillum. The highest similarity 97.4% 
was found to Azospirillum lipoferum. The physiological reactions of DT-10 are 
shown below. They point to the genus Azospirillum but are not typical of A. 
lipoferum. DT-10 is possibly a new species of this genus. 



Lysis by 3% KOH 


weak 


Aminopeptidase (Cerny) 


+ 


Oxidase 


+ 


Catalase 


+ 


NO, from NO, 


+ 


Urease 


+ 


ADH 




Hydrolysis of 

gelatin 

esculin 




Utilization of (sole carbon source) 

glucose 

arabinose 





WO 01/04060 



PCT/FIOO/0G624 



11 









+ 


mannitol 




phelyacetat 




OJU QIC 




cap rat 




giuconat 




maltose 




n-acetylglucosamin 




a-ketoglutarate 


+ 


sucrose 




m-inositol 




D-fructose 




rhamnose 




arabitol 




ribose 




Growth at41°C 




with 3% NaC[ 





Ancylobacter aquaticus DT-12 is a gram-negative curved rod which 
is 0.5 - 0.7 jam in width and 1.5 - 2.0 jam in length. The partial sequence of the 
1 6S rDNA shows a similarity of 98.8% to Ancylobacter aquaticus. Thiobacillus 
5 novelius shows a similarity of 97.8%. The fatty acids (Figure 7) point to the a- 
proteobacteria. The physiological tests as shown below clearly identify the 
species Ancylobacter aquaticus. 



WO 01/04060 



PCT/FIOO/00624 



12 



Lysis by 3% KOH 


weak 






Oxidase 




Catalase 




ADH 




Urease 




Hydroiysis of gelatin 




esculin 


+ 


NO ? from NO,, 




Denitrification (24 h) 




Utilization of 




glucose 


+ (weak) 


citrate 


+ 


arabinose 


+ 


mannose 


- 


mannitol 


+ 


maltose 




N-acetyfglucosmin 




gluconat 




maiat 


+ 


phenyiacetat 




methanol 


+ 


forrniate 


weak 



Xanthobacter sp. DT-13 is an irregular, motile, gram-negative rod 
which is 0.8 - 1.0 in width and 1.5 - 3.0 jam in length. The partial se- 
quences of the 16S rDNA show similarities of 98.5% to 99.3% to different 
members of the genus Xanthobacter. X. falvus shows the highest similarity 
(99.3%). The profile of the fatty acids is typical of the subclass of a- 
proteobacteria. The physiological tests are not able to distinguish reliably be- 
tween the species of this genus (i.e. no pigment production detected, no slime 
production, etc.). The physiological data are given below: 
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Lysis by 3% KOH 


+ 


/\\ t in i v j-fc; i-* UU clot? \wc?illy^ 




Oxidase 




Gatalase 




ADH 




urease [ZA- n) 


■ 


Hydrolysis of gelatin 


- 


esculine 




N0 3 utilization 


- 


Utilization of 




phenylacetate 


- 


citrate 


- 


malate 


+ 


arabinose 


- 


mannose 


- 


mannit 


- 


caprat 


- 


maltose 




au 1 It? 




malonate 


+ 


methanol 




m-inosit 




m-tartrate 




D-gluconate 


+ 


phelylalanine . 





The above-described bacteria are suited for use in purifying waste 
water. The bacteria can then be first grown in a minimal salt medium (KSN) in 
5 a shaker. Soy pepton (0.5 g/l), trypton (0.1 g/l), glucose (0.2 g/l) and potas- 
sium acetate (0.3 g/l) may be added, if desired. The growing temperature of 
the bacteria is about 20 - 30°C. After this, the volume of the culture is then in- 
creased in order to produce the necessary biomass for purifying the water. 
This stage no longer needs to be conducted under sterile conditions, in which 
10 case tap water wherein about 0.5 - 4 g/l of soap has been added can be used 
as the growth medium. The soap used is preferably a mixture containing ani- 
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onic, cationic, amphoteric and non-ionic tensides. it is preferable to use a 
mixture of different soaps, such as cleaning agents, fabric conditioners and 
detergents for clothes and dishes. The bacteria are grown as a submerged 
culture with air pumped thereto. The biomass can be produced as a batch 
5 culture, but preferably, it is produced as a continuous culture, or chemostat 
culture. It is preferable to use a carrier in the production of the biomass. Any 
common carrier, for example a plastic one, is suitable for this purpose. The 
produced biomass is then transferred into a water treatment reactor, into 
which the water to be purified is conveyed. A carrier for the bacteria is also 
10 used in the reactor, the carrier preferably being the same as used in the pro- 
duction of the biomass. The carrier is preferably one having a specific density 
lower than 1 g/cm 3 . The carrier is generally held in place in a tank by means of 
a net ('fixed carrier'), for example, but sometimes the carrier is allowed to float 
freely in the tank ('swimming carrier'). 
15 The method of the invention is suited particularly to purifying seep 

water of a dump, which is here described in closer detail with reference to Fig- 
ure 1 . A dump is usually surrounded by a ditch to collect the seep water. Seep 
water refers to water seeping from a dump due to rain and ground water. This 
seep water containing both surface water and cavity water is usually first con- 
20 veyed to a tank wherefrom the water is conveyed through a purification proc- 
ess before being discharged into the environment. The seep water obtained 
both from deep and shallow ground is preferably first conveyed to a settlement 
basin, from which the water is filtered through an inlet pipe 1 to a filtrate well 2, 
and from there, through a transfer pipe 8 to a bioreactor 3 containing said 
25 bacteria and a carrier 5. The bacteria form a so-called biofilm around the car- 
rier. The carrier with its bacteria is usually kept below the surface of the water 
by means of a net. The bioreactor preferably comprises one or more separat- 
ing walls 6 arranged to force the water to circulate in the reactor. The sepa- 
rating walls may be arranged on opposite wails, for example, as shown in Fig- 
30 ure 1 . The reactor usually further comprises an aerator 9 for conveying air into 
the reactor through an aeration pipe 4. The bioreactor further comprises an 
outlet pipe 7, through which processed water is discharged from the reactor. 

in addition to purifying seep water, the present invention is ex- 
tremely well suited also to purifying household and industrial grey water. Grey 
35 water refers to waste water other than that originating from lavatories, e.g. 
water from showers, handbasins, bath tubs and laundry rooms. The purifica- 
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tion method of the invention is also suited to purifying waste water from lavato- 
ries, which is called black water. The method of the invention can also be used 
to purify laundry and industrial waste water, which often contains a large 
amount of organic waste, such as oil, polycyciic aromatic hydrocarbons (PAH 
5 compounds) and/or heavy metals. The method is also suitable for purifying 
waste water originating from food industry and water in swimming pools. 

Example 1 

Production of biomass and start of a bioreactor 
10 Bacillus sp. DT-1, Pseudomonas azelaica DT-2 and Rhizobium sp. 

DT-5 were each transferred to 200 ml of sterilized minimum salt medium 
(KSN) of the following composition (g/l of distilled water): K 2 HP0 4 x3H 2 0 - 1.0, 
NaH 2 P0 4 x2H 2 0 - 0.25, (NH 4 ) 2 S0 4 - 0.1, MgS0 4 x7H 2 0 - 0.04, Ca(N0 3 ) 2 ><4H 2 0 
- 0.01, yeast extract - 0.05, pH 7.0 - 7.3, and soap mixture about 1 g/l. The 

15 soap mixture contained about equal amounts of the following detergents: 
laundry soap, Comfort, Cleani Family -fabric conditioner, Cleani Color, Serto 
Ultra, Bio Luvil, Ariel Futur, Omo Color, Tend Color, Tend Mega, Tend Total 
and Eko Kompakt {about 1g/l in total). The bacteria were grown in a shaker 
(150-200 rpm), at 28°C. 

20 When the growth was dense, all three cultures were brought to one 

500-litre fermenter in order to produce the necessary biomass. The fermenter 
contained unsterilized tap water and a total of 4 g/l of the aforementioned soap 
mixture, and a plastic carrier containing polyethene and having a specific den- 
sity of about 0.8 g/cm 3 . The carrier was kept below the surface of the liquid by 

25 means of a net. The cultivation now continued under non-sterile conditions to 
a turbidity of about 2 (600 nm), and then as a chemostat culture. A first inocu- 
lum obtained from the fermenter was then introduced into a bioreactor (6 m 3 ) 
according to Figure 1, diluted 1:10. The bioreactor contained seep water from 
a municipal dump which was first collected into a tank, wherefrom it was then 

30 transferred to a settlement basin for removal of solid matter and next, to a fil- 
trate well, wherefrom it was pumped to the bioreactor. In principle, the system 
works by gravity, the only necessary pump being a submersible pump in the 
filtrate well. The bioreactor contained the same carrier as the fermenter used 
for producing the biomass. The carrier was kept below the liquid level by 

35 means of a net. The bacteria flocculated at the end of the bioreactor. The puri- 
fication process was continuous, operating at a capacity of about 1 00 m 3 /24 
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hours. Air was pumped so as to keep the oxygen content of the water to be 
processed > 7 mg/l. 

Example 2 

5 Purification of seep water 

A bioreactor arranged according to Example 1 was used for purifi- 
cation of seep water from a municipal dump. The average COD of the waste 
water to be purified was about 800 mg - 6 g 0 2 /i. The waste water contained 
chlorophenoies, PAH compounds and oil, for example. The removal of these 
10 subsctances from the waste water was monitored. According to Nordtest's 
technical report no. 329 (accepted 9603), the compounds were defined by a 
gas chromatograph equipped with a mass-selective detector. The results are 
shown in Table 2. 

15 Table 2 



Detection 


Before bioreactor 


After bioreaGtor 


COD 


0.8 - 6 g/l 


100-200 mg/l 


chlorophenoies 


> 1 mg/l 


< 1 M0/I 


PAH 


1 mg/l 


< 1 iig/l 


oil 


0.2-1 mg/l 


200 fxg/l 



Example 3 

Purification of municipal waste water (full scale) 

20 Waste water from a municipal waste water plant was purified both in 

a manner conventionally used in the plant and by the method of the invention. 
Conventionally, waste water was purified by first conveying the waste water 
into a preliminary settlement basin in order to precipitate the solids onto the 
bottom. The preliminary settled water was then conveyed to an aerobic treat- 

25 ment basin, whereto ferrous sulphate for precipitating phosphate, and 
polyamine for precipitating biosludge were added. Herefrom, the water was 
further conveyed to a secondary settlement basin. The purification system of 
the invention comprised five tanks whose total volume was 7.5 m 3 , the tanks 
being interconnected in the following order: two anaerobic tanks, whereto 

30 bacteria DT-1, DT-2 and DT-5 were added without a carrier, one aerobic tank 
whereto a carrier was attached (by means of a net) on which the bacteria DT- 
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1, DT-2 and DT-5 were immobilized, and two sedimentation tanks. The tem- 
perature was 8 - 15°C. The flow rate was 7.5 m 3 /24 hours of waste water. The 
aeration was conducted by recycling the water through the carrier. The results 
are shown in Table 3. 

5 

Table 3 





Parameter 


Before 


After conventional 


After purification of 






treatment 


purification 


the invention 




BOD7 mg (yi x 


200 - 300 


10-15 


10-15 




COD Cr mg 0 2 /l 


250 - 500 


60-75 


40-50 


a 


Total nitrogen mg 


35-55 


15-25 


15-25 




N/l 










Total phosphor mg 


5-10 


0.6-1.8 


0.5-1.8 




P/l 








;g 


Fee. streptococci 


10 8 


2x10 4 -3x10 4 


2x 10 4 -3x 10 4 




cfu/100 ml 








M 


Thermo-tolerant 


3x 10 8 


2x 10 4 -4x 10 4 


2x 10 4 -4x 10 4 


:* 


conforms cfu/1 00 ml 









The purification results achieved by the method of the invention 
10 were either as good as or better than those achieved by the conventional 
method, and energy consumption was significantly lower. The energy con- 
sumption in treating one cubic metre of water was 0.23 kWh at the municipal 
waste water treatment plant, and 0.05 - 0.1 kWh when the method of the in- 
vention was used. 

15 

Example 4 

Purification of household black water (full scale) 

The system comprised five tanks whose total volume was 6.5 m 3 , 
the tanks being interconnected in the following order: two anaerobic tanks 
20 without a carrier into which the DT-1 , DT-2 and DT-5 were added, one aerobic 
tank whereto a carrier was attached on which the bacteria DT-1, DT-2 and DT- 
5 were immobilized, and two sedimentation tanks. The temperature was 8 - 
15°C. The flow rate was 0.5 - 5 m 3 of waste water per 24 hours. The aeration 
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was conducted by recycling the water through the carrier. The energy con- 
sumption was 0.05 - 0.5 kWh. The results are shown in Table 4. 

Table 4 

5 



Parameter 


Before treatment 


After treatment 


BOD7 mg 0 2 /i 


400 - 5500 


3-20 


COD Cr mg 0 2 /l 


400 - 6000 


40-70 


Total nitrogen mg N/I 


100-300 


1 -5 


Total phosphorus mg P/l 


10-25 


0.2-2 


Fee. streptococci 


10 8 - 10 9 


<20 


cfu/100 m! 






Thermo-tolerant con- 


10 8 -10 9 


<20 


forms cfu/100 ml 






PH 


7-8 


6.5-7 



Example 5 

Purification of industrial waste water containing soap and heavy metals 
(laboratory scale) 

10 Waste water from a coating metal industry plant was purified by a 

system whose effective treatment part comprised six anaerobic and twelve 
aerobic tanks. The bacteria DT-1, DT-2 and DT-5, which were immobilized on 
a carrier attached by nets, were added to all anaerobic and aerobic tanks. 
Each tank held 2 I. The entire system comprised 23 tanks whose total volume 

15 was 70 I, the tanks being interconnected in the following order: six anaerobic 
tanks (effective treatment volume), one sedimentation tank, six aerobic tanks 
(effective treatment volume), one sedimentation tank, six aerobic tanks 
(effective treatment volume), and two tanks for calcium chloride and sodium 
hydroxide treatments to precipitate the biomass and heavy metals. Before the 

20 treatment, the original waste water was diluted five times by gray water. After 
the dilution, mineral salts were added as follows: NH 4+ 2-10 mg/l, MO 3 * 5-20 
mg/l, Mg 2+ 2-10 mg/l, Ca 2+ 0.5 - 2 mg/l, SO/" 1-10 mg/l and P0 4 3 " 2 - 20 
mg/l. The temperature was 20 - 35°C and the flow rate 12 I of water per 24 
hours. The results are shown in Table 5. 
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Table 5 



Parameter 


Before treatment 


After treatment 


COD Cr mg Cyi 


19 000-21 000 


100-400 


Total phosphorus mg P/l 


19-25 


0.3 - 0.7 


Aluminium 


5-6 


0.01 -0.02 


Chrome 


1.3-1.5 


0.01 - 0.02 


Copper 


35-40 


0.03-0.1 


Iron 


1 -2 


0.Q2 - 0.07 


Lead 


23-25 


0.02 - 0.09 


Nickel 


2-3 


0.05 - 0.09 


Zinc 


30-60 


0.003 - 0.007 


PH 


8-9 


7-7.5 



Example 6 

5 Purification of household grey water for recycling (pilot scale) 

The effective part of the system comprised three aerobic tanks 
whose single volume was 0.2 m 3 . The entire system comprised six tanks 
whose total volume was 2.8 m 3 , the tanks being interconnected in the following 
order: one tank for collecting grey water, three aerobic tanks comprising a 

0 fixed carrier on which the bacteria DT-1, DT-2 and DT-5 were immobilized 
(effective treatment volume), one aerobic tank without a carrier and one sedi- 
mentation tank, and, subsequently, a filtering system and a UV-light treatment 
system. The temperature was 20 - 35°C. The flow rate was about 1 m 3 per 24 
hours. The results are shown in Table 6. 

5 

Table 6 



Parameter 


Before treatment 


After treatment 


COD Cr mg Q 2 /l 


150-400 


15-35 


Total nitrogen mg N/l 


10-15 


<0.5 


Total phosphorus mg P/i 


5-10 


<0.1 


Coliforms cfu/100 ml 


1.4- 2 x 10 5 


o • 


PH 


7.5-8.5 


6.5-7 
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Example 7 

Purification of grey water of a laundry for recycling (piiot scale) 

The effective treatment part of the system comprised two aerobic 
tanks having the volume of 1 m 3 , the tanks comprising a swimming carrier on 
5 which DT-1, DT-2 and DT-5 were immobilized. The entire system comprised 
ten tanks whose total volume was 23 m 3 , the tanks being interconnected in the 
following order: one tank for collecting grey water, two aerobic tanks compris- 
ing a swimming carrier (effective treatment volume), one sedimentation tank, 
three aerobic tanks comprising a fixed carrier with its bacteria (effective treat- 
10 ment volume), one aerobic tank without a carrier, and two sedimentation 
tanks. The temperature of the water was 20 - 35°C, the flow rate 1 m 3 of waste 
water per 24 hours. The results are shown in Table 7. 

Table 7 

15 



Parameter 


Before treatment 


After treatment 


COD Cr mg cyi 


200-450 


25-35 


Total phosphorus mg P/l 


1 -2 


<0.1 


PH 


8.5-9 


7-8 



Example 8 

Increase of immobilized biomass 

Biomass of strains DT-1, DT-2, DT-5, DT-6, DT-10, DT-1 2 and DT- 

20 13 was produced and immobiized on a carrier as set forth in Example 1, and 
the amount of biomass on the carrier was weighed. The weight of one disc of 
the carrier was 72 ± 1 g. When DT-1 , DT-2 and DT-5 were immobilized on the 
carrier, the weight of one disc of the carrier was 1 19 ± 13, i.e. the wet weight 
of the biomass was 47 ± 1 1 g per disc. When all seven bacterial strains were 

25 immobilized on the carrier, the weight of one disc of carrier was 172 ± 16, i.e. 
the wet weight of the biomass was 91 ±16. The results show that DT-6, DT- 
10, DT-1 2 and DT-1 3 increased the immobilized biomass about twofold. 
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CLAIMS 

I . A method of purifying waste water, characterized in that 
the water is biologically purified by a mixed population comprising the 
microorganisms Bacillus sp. DT-1 having the deposit number DSM 125B0, 

5 Pseudomonas azelaica DT-2 having the deposit number DSM 12561, and 
Rhizobium sp. DT-5 having the deposit number DSM 12552, or progeny 
thereof. 

. 2. A method as claimed in claim 1, characterized by 

|;g purifying seep water, grey water, black water, industrial waste water and^waste 

Q 10 water from laundries. 

3. A method as claimed in claim 1 or 2, characterized in 
S that necessary biomass for the purification is produced in a non-sterilized 

growth medium comprising tap water and about 0.5 - 4 g/I of soap. 
f- 4. A method as claimed in claim 1. characterized in that the 

i.;3 15 water is also purified by one or more microorganisms from the group 

W Pseudomonas azelaica DT-S having the deposit number DSM 13516, 

j JJ Azospinilium sp. DT-10 having the deposit number DSM 13517, Ancyfobacter 

Q aquaticus DT-12 having the deposit number DSM 13518, and Xanthobacter 

I'M sp, DT-13 having the deposit number DSM 13519, and progeny thereof. 

20 5. Bacillus sp. DT-1 having the deposit number DSM 12560 and 

progeny thereof. 

6. Pseudomonas azelaica DT-2 having the deposit number DSM 
12561 and progeny thereof. 

7. Rhizobium sp. DT-5 having the deposit number DSM 12562, and 
25 progeny thereof. 

8. Pseudomonas azelaica DT-6 having the deposit number DSM 
1 35 1 6 and progeny thereof. 

9. Azospirillium sp. DT-10 having the deposit number DSM 13517 
and progeny thereof. 

30 1 0. Ancylobacter aquaticus DT-1 2 having the deposit number DSM 

13518 and progeny thereof. 

I I. Xanthobacter sp. DT-13 having the deposit number DSM 13519 
and progeny thereof. 

12. A bacterial mixed population, characterized by 
35 comprising Bacillus sp. DT-1 having the deposit number DSM 12560. 
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Pseudomonas azelaica DT-2 having the deposit number DSM 12561, and/or 
Rhizobium sp. DT-5 having the deposit number DSM 12562, and progeny 
thereof. 

13. A bacterial mixed population as claimed in claim 12. 
5 characterized by further comprising Pseudomonas azelaica DT-6 
having the deposit number DSM 13516, Azospirillium sp. DT-10 having the 
deposit number DSM 13517, Ancylobacter aquaticus DT-12 having the deposit 
number DSM 13518, and/or Xanthobacter sp. DT-1 3 having the deposit 
number DSM 13519, and progeny thereof. 
10 14. Use of a bacterial mixed population as claimed in claim 12 or 13 

in purifying waste water. 

15. A bioreactor, characterized by comprising the 
microorganisms Bacillus sp. DT-1 having the deposit number DSM 12560, 
Pseudomonas azelaica DT-2 having the deposit number DSM 12561, and 

15 Rhizobium sp. DT-5 having the deposit number DSM 125S2, or progeny 
thereof. 

16. A bioreactor as claimed in claim 15, characterized by 
further comprising one or more microorganisms from the group Pseudomonas 
azelaica DT-6 having the deposit number DSM 13516, Azospirillium sp. DT-10 

20 having the deposit number DSM 1 351 7, Ancylobacter aquaticus DT-1 2 having 
the deposit number DSM 13518, and Xanthobacter sp. DT-1 3 having the 
deposit number DSM 13519, or progeny thereof. 

17. A bioreactor as claimed in claim 16, characterized by 
comprising all said seven bacterial strains. 

25 18. A bioreactor as claimed in claim 15, characterized by 

comprising one or more separating walls arranged so as to force water to 
circulate in the reactor. 

19. A bioreactor as claimed in claim 18, characterized in 
that the bacteria are immobilized on a plastic carrier medium whose specific 

30 density is about 0.8 g/cm 3 . 
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Abstract of the Disclosure 

A method of purifying waste water biologically by 
using three particularly suitable bacteria: Bacillus sp. 
DT-1, Pseudomonas azelaica, DT-2, and/or Rhizobus sp . DT- 
5, or mixed populations thereof. The invention further 
relates to the bacteria and the mixed populations and use 
thereof in purifying waste water. The invention further 
relates to a bioreactor including the bacteria. 
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COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below next to my name. 

I befeve I am the original, first and sole inventor (if only one name is listed below) or an original, first 
and'joint inventor (if plural names are listed below) of the subject matter which is claimed and for which 
a patent is sought on the invention entitled: 



the specification of which: (check one) 

REGULAR OR DESIGN APPLICATION 
[ ] is attached hereto. 

5 13 was filed on as application Serial No. and was amended on (if applicable). 

3 

'4. PCT FILED APPLICATION ENTERING NATIONAL STAGE 



.0 

ill 



was described and claimed in International application No. pct/fiOO/00624 
filed on 6th July 2000 and as amended on 6th September 200lifany). 



! iLrosy state that [ have reviewed anil understand the contents (if the alidve-idenlified spfiiation, including (to claims, as amended liy any amendment referred to ahove. 
jfkiowledfflie duly to disiiosemforniatiott which is material t» pafentahUify as tleBned m IWe Rode of PederdI Itegulations; 
U PRIORITY CLAIM 

I i^rchj eta foreip priority iienefits under 85 HSf II!) of any foreign nppliuiliuiils) for patent or inventor's certificate listed lielmv and have also identified lietav any fnroip application fir patent or inventor's certificate tevini 
! :yplmir diite bef«re that of lhe applitstinn no nliioh priori^ is dairaed. b 



PRIOR FOREIGN APPLICATION^) 



*! 1 U'V 


AppficattcTB 


Date if ling 


Priority | 
Claimed 


limber 


Iday, month, year) 


Finland 


991595 


12 Julv 1999 


X 











(Complete this part only if this is a continuing application.) 



I herefiy claim flie toeBt jui]der 35 USB lai of aift' United Slates appliratira{ S ) firf ? d hetoiv nnd, iipifar as tte siihjett matter of each ut tie claims of this application is not disclosed hi prior United Stato ajiplirafj^n in Uie 
aan^r primded by the fird, l>|Wph of lb US( 11^ a^aioffJedsB «ie duty to disdise mforirahdn which is maferial £« patentabili^ as deHned in TWe 37 fibde of Pederal Itefirtations '1.5fi which betsm^ avaitible behveGn the 
filniff date of tlie pn«r application and tiie natmnnl or ?CT international Dlmir date of this 



(Application Serial No.) 



(Filing Date) 



(Status-patented, pending, abandoned) 



POWER OF ATTORNEY 



% iindmed hereby authorizes (he ILX. attorney or agent named herein to accept and foltow instructions from as to any action to lie taken hi the Patent and Memark Office repiig this app Won wlont fat 



As a named inventor, I hereby appoint the registered patent attorneys represented by Customer No. 
000466tor>rosecute this application and transact all business in the Patent and Trademark Office 
-cc^cted^erewith, including: Robert J. PATCH, Reg. No. 17,355, Andrew J. PATCH, Reg. No. 
32 925 Robert F. HARGEST, Reg. No^JS^SaM^noi t CASTEL, Reg. No. 35,041, Eric JENSEN, Reg. 
No. 37,855, Thomas W. PERKINS, Reg. No. 33,027, a nd Roland E. LONG, Jr., Reg. No. 41,949, 

r/o YOUNG & THOMPSON, 

Jsgronrl Floor 

245 South 23rd Street^ 
Arj mgton, Virgjn ia22202 : ^ 

Address all telephone calls to Young & Thompson at 703/521-2297. Telefax: 703/685-0573. 

m hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
^formation and belief are believed to be true; and further that these statements were made with the knowledge that 
i willful false statements and the like so made are punishable by fine or imprisonment, or both under Section 1001 ot 1 ltle 
j§8 of the United States Code and that such willful false statements may jeopardize the validity of the application or any 
/patent issued thereon. 



Hull name of sole or first iiwento 
? (given name, family n^pe) 



Jussi UOTILA 



, 'Inventor's signature 




i'Residence: Saar enkyla , 

m 

! jost Office Address. \j 
ill Kuusamontie 1176, FIN-96900 SAARENKYLA, Finland 



Citizenship: Finland 



Full name of second joint inventor, if any: 
Q-q O (9'ven name, family name) 

Inventor's signature 




2SJ2. zoo i 



Finland 



Citizenship: Belarus 



Post Office Address: 

Sudentie 27 B 14, 



FIN-965Q0.:-EDvANIEMI, Finland 



Full name of third joint inventor, if any: 
(given name, family name) 



Inventor's signature _ 

Residence: 

Post Office Address: 



Citizenship: 
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